(19) 



J 



(12) 



(43) Date of publication: 

13.08.1997 Bulletin 1997/33 

(21) Application number: 97101970.8 

(22) Date of filing: 07.02.1997 



EuropaMsches Patentamt 
European Patent Office 
Office europeen des brevets (11) EP 0 789 036 A2 

EUROPEAN PATENT APPLICATION 

(51) int. Cl. 6 : C08F 8/26, C08F 8/42 



(84) Designated Contracting States: 


• Kitano, Kenichi, 


BE DE FRGB 


c/o Kobe-Kenkyujo 




Hyogo-ku, Kobe-shi, Hyogo-ken (JP) 


(30) Priority: 08.02.1996 JP 22233/96 




06.12.1996 JP 326475/96 


(74) Representative: Hansen, Bernd, Dr. Dlpl.-Chem. 




etal 


(71 ) Applicant: Kaneka Corporation 


Hoffmann EHIe, 


Osaka-shi, Osaka-fu (JP) 


Patent- und Rechtsanwaite, 




Arabellastrasse 4 


(72) Inventors: 


81925 MOnchen (DE) 


* Kusakabe, Masato, 


c/o Kobe-Kenkyujo 




Hyogo-ku, Kobe-shi, Hyogo-ken (JP) 





(54) Processes for preparing (meth)-acrylic polymers having functional groups at the chain ends 

(57) ( MetfQacrytic polym ers having aikenyl or cura- 
b le silyl groups at the chain ends in high functionality 
ratios are prepared by a process which comprises (i) 
preparing a (meth)acrylic polymer having halogen 
atoms at the chain ends, using an organohalogenated 
compound or a halosulfonyl compound as an initiator 
and a metal complex catalyst wherein the central metal 
atom is selected from the group consisting of the ele- 
ments of Groups 8, 9, 10 and 1 1 of the periodic table; 
and (ii) transforming the halogen atom into an alkenyi 
group- or a curable silyl group-containing substituent. 

The obtained (meth)acrylic polymers form homoge- 
neous curing materials. 
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The oresent invention relates to processes for preparing (meth)acrylic polymers having functional VW^r 

d-J3^ ** S»** * the chain ends - curab,e compos " ions C0rtain,ng those p y 

RAQKQRQUND ART 

Polymers having functional groups at the chain ends can be cured by themselves or with the help of anataje 

^or^S^'chain structure of these polymers are the po.yether powers sue* , as po^ene 
oxidfp^ypS^e oxWe and polytetramethylene oxide; the hydrocarbon polymers such as l***"*-^^ 
m S5S5 £Jpc*J*£"- ^ their hydrogenated derKratives; the polyester P°(^«"»"- p*tf£ 
^e teKSate. polyVutyleneterephthalate and polycaprolactone. These polymers are bang used for many 

curable silyl groups at the side chains are being used for high weatherab.hty paints^ ~ oss .|jnted 
M^acVvlic polymers having alkenyl or curable silyl groups at the cham ends would to Ihe cross hnked 

methods and also provides curable compositions containing those polymers. =imthD=i< . „* 

Recent new living radical polymerization methods were developed and made posstte the 

p.cr. oqi IRP OF THE INVENTION 

55 Among the above mentioned polymers, (meth)acrylic polymers having alkenyl groups at the chain ends can be 
obtained by the method which comprises the steps of : 

(i) preparing a (meth)acrylic polymer having a chain end structure of formula (1) 
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-CHrCt^MOQzF^tX) 0) 

fJSm mZS« with an'alkeny. group-containing organometalhc compound. 
A further example of the process is the method which comprises: 

ent. 

* ^Sao* pot,™*. ha».n» *»• group. « •» ** « b. «— «» *• •*"* 

25 comprises the steps of: 

. prepay . i^^^^Jf^l^^^^^ 

in the structure of formula (1) into a curable silyl group«onta.n,ng substituent. 
Another example of the process is the method which comprises: 

taining substituent. 

"rssiys: SpCSmSE* p*- — -* — ** enos -~ * 

(D preparinf, a (mrAlaorylc polymer hwktj a chain end structure ol formula (11 

J at.-C(R')(0OiR ! llX) (1) 

(wherein R 1 is hydrogen or methyl; R 2 is a C, ao ^V^'^^l^g^^Jn^urri OT^hatosurforv^w^pau"^*® 
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the elements of Groups 8, 9. 1 0 and 1 1 of the periodic table; and 

(ii) converting the halogen atom in the structure of formula (1) into an alkenyl group-containing substituent. 

The polymerizations for the preparation of the (meth)acrylic polymer proceed in a living fashion to give .polymers 
5 with a narrow molecular weight distribution (MJW^I.1-1.5), and the molecular we,ght of the polymers can be control- 
led bv controlling the feed ratio of monomers to initiators. 

For these living radical polymerizations, organohalogenated compounds, particularly those possessing highly reac- 
tive carbon-halogen bond (for example, a-haloesters and benzyl halides). or halosulfonyl compounds are used as in.ti- 

10 at0 1n order to obtain curable (meth)acrylic polymers, an organohalogenated compound or a hatosulfonyl compound 
having two or more initiating sites is used as an initiator. Such initiators are, in general, known compounds and .nclude. 
but are not limited to, the following: 

0-. m-. p-XCH2-C 6 H 4 -CH2X. o-, m-. p-CH3C(S)(X)-C 6 H 4 -C(H)(X)CH3. 
is 0-. m-, p-(CH 3 ) 2 C(X)-C 6 H 4 -C(X)(CH3) 2 . 

(wherein C 6 H 4 is phenylene: X is chlorine, bromine, or iodine) 

R0 2 C-C(H)(X)-(CH 2 ) n -C(H)(X)-C0 2 R. 

R0 2 C-C(CH 3 )(X)-(CH 2 ) n -C(CH3)(X)-C02R. 

RC(0)C(H)(X)-(CH2) n -C(H)(X)-C(0)R. 
20 RC(0)C(CH 3 )(X)-(CH 2 ) n -C(CH 3 )(X)-C(0)R. 

XCH2C(0)CH 2 X, CH 3 C(H)(X)C(0)C(H)(X)CH 3 . (CH3) 2 C(X)C(0)C(X)(CH 3 )2, 

C 6 H 5 C(H)(X)-(CH2) n -C(H)(X)C 6 Hs. 

XCHzCOrfCH^-OCOCHaX, CH 3 C(H)(X)C0 2 -(CH2) n -OCOC(H)(X)CH 3 . 

2S SwSfn^ 

XCH2C(0)C(0)CH 2 X, CH 3 C(H)(X)C(0)C(0)C(H)(X)CH 3> 

(CH 3 ) 2 C(X)C(0)C(0)C(X)(CH3) 2 . 

o-, m-, p-XCH2C0 2 -C 6 H 4 -OCOCH 2 X, 

o-. m-, p-CH 3 C(H)(X)CO 2 -C 6 H 4 -0C0C(H)(X)CH 3 , 
30 0-. m-, p-(CH 3 ) 2 C(X)C0 2 -C 6 H 4 -OCOC(X)(CH3)2. 

0-, m-. P-XS02-C6H4-S02X 

(wherein X is chlorine, bromine or iodine.) 

Transition metal complexes wherein the central metal atom is selected from the group consisting of the elements 
of Groups 8 9 10 and 1 1 of the periodic table are used as catalysts. As such transition metal spec.es. monovalent cop- 
per, divalent" ruthenium and divalent iron are particularly preferable. Examples of monovalent 
per (I) chloride, copper (I) bromide, copper (I) iodide, copper (I) cyanide, copper (I) ox.de, copper (I) aceta e and copper 
fl) perc^lorate In the case a copper (0 compound is used, compounds such as 2,2--bipyr,dyl and .tsderrvatives 1 10- 
pnenanthroline and its derivatives are preferably added as ligands to enhance the catalytic activity. The *PW^ 
phine complex of divalent ruthenium chloride (RuCI 2 (PPh 3 ) 3 ) can also be used as a catalyst In the case this cornplex 
is used an aluminum compound such as aluminum trialkoxide is added to enhance the catalytic activrty. Thetnphenyl 
phosphine complex of divalent iron chloride (FeCI 2 (PPh 3 ) 3 ) is also a preferable catalyst. 

(Meth)acrylate monomers which are suitable for use in the practice of this invention are .n genera known , com- 
pounds and include, but are not limited to. the following: methyl (meth)acrylate, ethyl (m*h acryta e. n-propyl 
(meth)acrylate. isopropyl (meth)acrylate. n-butyl (meth)acrylate, isobutyl (meth)acrylate fert-butyl <^ a ^e 
penty (meth)acrylate. n-hexyl (meth)acrylate. cyclohexyl (meth)acrylate. n-heptyl (^acrylate, n-octyl (meth)acr- 
ylatTiethylhaxyl (meth)acrylate. n-nonyl (meth)acry.ate. n-decy. (meth)acrylate. r^odecy. ^^J^ 
imeth)acrylate. toluyl (meth)acrylate. benzyl (meth)acrylate. 2-methoxyethyl (meth)acrylate, 3-methoxybutyl (meth acr- 
ylate. 2-hydroxyethyl (meth)acrylate. 2-hydroxypropyl (meth)acrvlate and the like. These roomers can be used a lone 
or in corrLation of 2 or more compounds. Other vinyl monomers such as styrene. a-methylstyrene and acrylon,tr.le 

can be co-polymerized rf necessary. 

This polymerization can be conducted in bulk or in a solvent of various kinds at a temperature of from ambient tem- 
oerature to 200«C, preferably from 50 to 150«C. Examples of the solvents which can be used for th.s polymerization 
fnclude: acetone, 2iutanone. 2-pentanone. 3-pentanone, 2-hexanone. 2-heptanone. ^^^^J^ 
55 anone. 2-methylcyclohexanone. 3-methylcyclohexanone, 4-methylcyclohexanone acetophenone, 

none. 3-methylacetophenone. 4-methylacetophenone, nitromethane, nitroethane nrtropropan* Mnn 
acetonitrile. propionitrile, benzonitrile. methanol, ethand, 1-propanol. 2-propanol. 1-butanol. cyclohexyl alcohol, benzyl 
alcohol, hexane. heptane, octane, benzene, toluene, o-. m-. p-xylene. ethyl acetate and I tetrahydrofurarr 

(Meth)acrylic polymers having alkenyl groups at the chain ends can be prepared by the transformation of the cha.n 
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end halogen atoms of (meth)acrylic polymers obtained by the above mentioned polymerization into the alkenyl group- 
polymerlrn^ a compound having a polymerizable a.kenvi group and at .east one other aJkenyl group, as a sec 

J£ durl "Se^erLion. in the latter case, the second monomer should be added after a large a^<* P** 

SalmL preferably 1-5 times the number of the chain end. is preferred .n orderto secured .ntro- 
aTke^grZio all chaiS ends. Addition of the second monomer in an amount gre ater thanS tmes the 
SHer of *e chaii ends is not preferable since the alkeny. group is introduced densely onto the cha,n ends and thus, 
the rrn<;«:-linked Dfoduct thereof would exhibit poor mechanical properties. 
^ A rep SCk of the compounds having a polymerizable alk 

group which is suitable for use in the practice of this invention is. but .s not hmited to. the compound of formula (2). 

H 2 C=C(R 3 )-R 4 -R 5 -C(R S )=CH 2 & 

(wherein each of R 3 and R 6 is independency hydrogen or methyl; R* is -C(O)0-, or o, m- p-phenylene; R 5 is a direct 
Portion or a C. on divalent orqanic group which may contain at least one ether oxygen.) 

. ™ R* i R Dhenvlene is a stvrene derivative. Examples of R 5 in formula (2) are: alkylene groups such as 

StK Cne iSK such as o, m-. p-phen.ene and benzy.ene; and ether oxygen- 

"TE^.^ * a,ken * 9raup and 31 least 

one other atkenyl group because of their availability: 

H 2 C=C(H)CCO)0{CH2) n -CH=CH 2 , H^CCCH^CCOJOCCHaJn-CH^Hs, 

(wherein n is an integer from 0 to 20) 
H 2 C=C{H)C(0)0(CH 2 ) n O-(CH 2 ) rn CH=CH 2l 
H 2 C=C(CH 3 )C(0)0(CH 2 ) n -0-(CH 2 ) m CH=CH 2l 
(wherein n is an integer from 1 to 20; m is an integer from 0 to 20) 
O; m-, p-divinytbenzene, o-, m-, p-H 2 C=CH-C 6 H 4 -CH 2 CH=CH 2( 
o-, m- t p-H 2 C=CH-CsH 4 -CH 2 C(CH 3 )=CH 2 , 
o; m-, p-H 2 C=CH-C 6 H 4 -CH 2 CH 2 CH=CH 2 . 
o; m-, p-H 2 C=CH-C 6 H 4 -OCH 2 CH=CH 2 , 
45 O; m-, p-H 2 C=CH-C 6 H4-OCH 2 C(CH 3 )=CH 2 . 
o; m-, p-H 2 C=CH-C B H 4 -OCH 2 CH 2 CH=CH 2l 
o% m-, p-H 2 C-C{CH 3 )-C 6 H 4 -C(CH 3 )=CH 2 , 
o-, m-, p-H2C=C(CH 3 )-C 6 H4-CH 2 CH=CH 2 . 
O; m- t p-H 2 C=C(CH 3 )-C 6 H4-CH 2 C(CH 3 )=CH 2 , 
50 o-, m-, p-H 2 C=C(CH 3 )-C 6 H 4 -CH 2 CH 2 CH=CH 2 . 
o-, m-, p-H 2 C=C(CH 3 )-C s H4-OCH 2 CH=CH 2 . 
o; m-. p-H 2 C=C(CH 3 )-C s H4-OCH 2 C(CH 3 )=CH 2 . 
o-, m-, p-H 2 C=C(CH 3 )-C 5 H 4 -OCH 2 CH 2 CH=CH 2 . 
(wherein C 6 H 4 is phenylene.) 

Another process for the introduction of an alkenyl group into the chain ends of the (meth)acrylic polymer is the 
^eT^ZTn^e chain end halogen atoms of formula (1 ) upon treatment with an alkenyl 0™P«m^ 
JSSSlwid. Examples of such organometallic compounds include: organolith.um "HP"*^^ 
^^^J^nom^m compounds such as Ghgnard reagents, organotin compounds, organoz.nc com- 
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oounds organocopper compounds and the like. Among them, organotin compounds and organocopper compounds 

A^esentative example of the organotin compound which is suitable for the practice of the present invention is. 
but is not limited to, the compound of formula (3): 

H 2 C=C(R 7 )C(R 8 )(R 9 )Sn(R 10 )3 (3) 

(wherein each of R 7 . R 8 . and R 9 is independently hydrogen or a C,. 10 alkyl. Cfrio "Oft. « C7.10 aralKyl; R 10 '* a c mo 

" *»»* P) indude: allyttributylfin, al.yltrimethvWn. allyl^n-octyOtin. ^Mcy- 
cloh^a^le like An^kenyl group-containing organotin compound of formula (3) reacts w,h the chain anc I hak 
ooen^tL^fo^ula (1) in a radical mechanism. Therefore, it may either be added during the polymenzaton or be 
SSS^ Polymer is isolated. In the latter case, although the reaction proceeds ,ust by heatng. a 

radical initiator such as azobisisobutylonitrile may be added to accelerate the reaction. 

Exa^Ses of *e alkenyl group-containing organocopper compound include divinylcopper Irth.um. d-al.ylcopper lith- 

the^Son of the chain er^ 

oound followed by (ii) the reaction with an alkenyl group-containing electrophile. 

Examples of the above metals include alkali metals such as lithium, sodium and potassium alkaline 
such as magnesium and calcium, aluminum and zinc. Among them, zinc is particularly preferable since »~ jnotato 

ester groups or a rearrangement reaction. Examples of the above organometalhc compounds include on^rthum 
SSs o^ganosodium compounds, organopotassium compounds, organomagnesium compounds such as Gng- 
oTganoalumlnum compounds. Among them, organolithium compounds and organomagnes,um com- 
pounds are preferable because of the effective conversion of the chain end into endate anions. 
P The above alkenyl group^ontaining electrophi.es include, for example, alkenyl W^n.nfl»j««te P» 
sessing a leaving group such as halogen and acetyl group, alkenyl group-containing carbonyl compound^ a kenyl 
group^ontalning isocyanate compounds and alkenyl group^ontaining acid halide compounds. 

a ning compounds possessing a leaving group such as halogen and acetyl group are preferable since no 
into the main chain and thus, the weatherability of the (meth)acrylic polymer ,s not sacn- 

' iCed Among the above mentioned leaving group-containing alkenyl compounds, the ^^Z^eS^l 
their hiah reactivity vinyl chloride, vinyl bromide, vinyl iodide, isopropenyl chlor.de. isopropenyl bromide, 
SbKZS*. aMyl bromide, a«y. iodide, 3-chloro-1-butene. 3-bromo-Lbutene, 3^odo- -butane 3-chl loro-2- 
mlS-1 propene, 3*romo-2-m e thyM-propene. 3-iodo-2.methyl-1 -propane, allyl ^£""^£2 JJT 
S-methyM-propene, 4-vinylbenzyl chloride. 4-allylbenzyl chloride. 4-vinylbenzyl bank .and **n*^** 
A^ngThem. airy! chloride, ally! bromide, allyl iodide and allyl acetate are even more preferable because of the.r avail- 

40 abi "?n the above mentioned process for preparing (meth)acrylic polymers having alkenyl gr oups at *. ehrfn. and* 
which comprises (i) the conversion of the chain end of the general formula (1) into an enolate an.on I y ^ent «^h 
a metal oran organometallic compound, followed by (ii) the reaction with an alkenyl group-contaning electroph.le the 

coZaL of the £L* consists of zinc meta. and a leaving group-containing 
enhance the reactivity of such reactions, various kinds of catalysts can be used. Examples of such catalystsjnclude 
^^co^cUoundi such as copper (I) chloride and copper (I) bromide divalent copper 
as cc^er (II) dTacetvlacetonate, zerovalent nickel compounds such as tetrakKtrphenylphosph^e n,ckel (NKPPhJJ 
and zerovalent palladium compounds such as tetrakistriphenylphosphine palladium (PdtPPhsW- . 
Ser^rocess for preparing (meth)acrylic polymers having alkenyl groups at the cha,n ends compnses. 

(i) the conversion of the chain end halogen atoms of formula (1) into a hydroxyl group-containing substituent and; 

(ii) the transformation of the hydroxyl group into an alkenyl group-containing substituent. 

Various methods can be used for the conversion of the chain end halogen atoms of formula (1) into a hydroxyl 
grouZntei^substitueni An example of such methods is the reaction of a (meth)acryl.c P°Vmer having the > chan 
JSSSoftormula (1) with a compound possessing a polymerizable alkenyl group and a hydroxyl group. The 
o^rocesses conversion indude: the conversion of the chain end of formula (1) into an enolate anion , by 

°reLentSametal or an organometallic compound, followed by the reaction with carbonyl compounds such as a^ 
hXS kln^Tsubstitution of the chain end halogens using alkali metal hydroxides such as sodium hydrox,de and 
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„fr m ,™ VJu J£ 1 of the periodic table gives a (meth)acrylic polymer having a hydroxy! group at one end and a 
9ro Trl^ore n a S '(rneth)acrviic polymer having hydroxyl groups at both ends can be prepared by the coupling reac- 

SoZSsesu* as sodium method, the reaction using an alkenyl group-containing .socyanate compound I such as 
?£E^££*m using an alkenyl group-containing acid halWe such as (me^acryloyl 
enoe of a base such as pyridine, and the reaction with an alkenyt group-conta.mng acd such as (meth)acryl.c aad .n 

atorandTm^^ 

T<££ 8 9 0 IS 1 1 of the periodic table gives a (meth)acrylic polymer having an alkenyl group at one chain end 
IThaT^ 

group-containing substituent gives a (meth)acrylic polymer having alkenyl groups at both ends. 

A representative example of the above mentioned alkenyl group-conta.ning halogenated compound .n the com 
pound of formula (4): 

25 R"R«C(X)-R 13 -R 14 -C(R 1 )-CH 2 W 

(wherein Ri is hydrogen or methyl; each of R« and R« is independent, hydrogen, a monovalent ^J***™^ 
or r aralkvl or R 11 and R 12 may joint to form a cyclic structure; R is -C(0)0-. -C(O)-. or o-, m- p pnenyiene, n 
so ;J5SSS. « . C^dLent'organic group which may contain at least one ether oxygen; X ,s chionne. brom,ne 

° f Tthe compounds of formula (4). the carbon-ha.ogen bond is actuated by the adjacent carbony. or pheny. group 
like. R^^SdR 12 may joint to form a cyclic structure, and in such a case, -R 11 -R 12 - .s. for example. -CH 2 -CH r . -(CHah 
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.-(CHaU-ancHCHafc-. 

The following are the examples of the compound of formula (4). 

XCHoCtOJOtC^nCH-CHz, H 3 CC(H)(X)C(0)0(CH 2 ) n CH=CH 2 



a 



C0 2 (CH 2 ) n CH=CH 2 

(wherein X is chlorine, bromine or iodine; n is an integer from 0 to 20) 
XCH 2 C(0)0(CH 2 ) n O(CH2) m CH=CH 2 . HaCCCHKXJCtQJOtCHdnOtCHdmCH-CHa. 
(H 3 C) 2 C(X)C(0)0(CH 2 ) n O(CH 2 ) m CH=CH2, 
CH 3 CH 2 C(H){X)C(0)0(CH 2 ) n O(CH 2 ) ni CH=CH 2 . 
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C0 2 (CH 2 ) n -0-(CH 2 ) m -CH=CH 2 



(wherein* X is chlorine, bromine or iodine; n is an integer from 1 to 20; m is an integer from 0 to 20) 

0-, /T7-, p-XCH2-C 6 H 4 -{CH2) n -CH=CH2, 

o-, /n-, p-CH 3 C(H)(X)-C 6 H4-(CH2) n -CH=CH 2 , 

o-, m-. p-CH 3 CH 2 C(H)(X)-C 6 H 4 -(CH2)n-CH=CH2. 

(wherein X is chlorine, bromine or iodine; n is an integer from 0 to 20) 

o-, /??-, p^XCH 2 -C 6 H 4 -(CH2) n -0-(CH 2 ) m -CH=CH 2 . 

o-. m-. p-CH 3 C{H)(X)-C 6 H 4 -(CH 2 ) n -0-(CH 2 ) m -CH=CH2, 

o~, m-. p-CH 3 CH 2 C(H)(X)-C 6 H 4 -(CH2) n -0-(CH2) m -CH=CH2. 

(wherein X is chlorine, bromine or iodine; n is an integer from 1 to 20; m is an integer from 0 to 20) 

o-, m-. p-XCH2-C 6 H 4 -0-(CH2) n -CH=CH 2 . 

o-, m-, p-CH 3 C(H)(X)-C 6 H 4 -0-(CH 2 ) n -CH=CH 2 , 

o-, m-, p-CH 3 CH 2 C(H)P()-C 6 H 4 -0-{CH2) n -CH=:CH2, 

(wherein X is chlorine, bromine or iodine; n is an integer from 0 to 20) 

o-, m-, p-XCHs-CeH^O-CCH^-OCCH^-CH^CHg, 

o-, m-. p-CH 3 C{H)(X)-C 6 H 4 -0-(CH 2 ) n -0-(CH 2 ) rn -CH=CH 2 . 

o-, m- t p-CH 3 CH 2 C(H)(X)-C 6 H 4 -0-(CH2) n -0-(CH2) m -CH s CH 2l 

(wherein X is chlorine, bromine or iodine; n is an integer from 1 to 20; m is an integer from 0 to 20.) 

Another example of the above mentioned alkenyl group-containing hatogenated compound is the compound of for- 
mula (5): 



(wherein R 1 , R 11 , R 12 , R 14 , and X are as defined in formula (4); R 15 is a direct bond, -C(0)0-, -C(O)-, or o-, m-, p-phe- 
nytene) 

R 14 is a direct bond or a C^. 2 q divalent organic group which may contain at least one ether oxygen. When R 14 is a 
direct bond, the carbon-halogen bond is activated by the adjacent vinyl group. In such a case, R 15 need not be -C(0)0- 
or phenyl ene and may be a direct bond. When R 14 is not a direct bond, R 15 is preferably -C{0)0- or phenylene to acti- 
vate the carbon-halogen bond. 

The following are the examples of the compound of formula (5): 

CH 2 =CHCH 2 X, CH 2 =C(CH 3 )CH 2 X, CH 2 =CHC(H)(X)CH 3 , 
CH 2 =C(CH 3 )C(H)(X)CH 3l CH 2 =CHC(X)(CH3) 2 , CH 2 =CHC(H)(X)C 2 H 5l 
CH 2 =CHC(H)(X)CH(CH 3 ) 2t CH 2 =CHC(H)(X)C S H 5 , CH 2 =CHC(H)(X)CH 2 C 6 H 5 , 
CH 2 =CHCH 2 C(H)(X)-C0 2 R, CH 2 =CH(CH 2 ) 2 C(H)(X)-C0 2 R, 
CH 2 =CH(CH 2 ) 3 C(H)(X)-C0 2 R, CH 2 =CH(C^) 3 C(H)(X)-C0 2 R, 
CH 2 =CHCH 2 C(H)(X)-C 6 H 5 , CH 2 =(CH 2 ) 2 C(H)(X)-C S H5. 
CH 2 =CH(CH 2 ) 3 C(H)(X)-C S H 5 , 

(wherein X is chlorine, bromine or iodine; R is a C<|. 2 o alkyl, C 6 . 20 aryl or C 7 . 2 o aralkyl.) 

Examples of the alkenyl group-containing halosulfonyl compounds are: 

o-, m-. p-CH2=CH-(CH2) n -C 6 H 4 -S0 2 X, 
o-, m- f p-CH 2 =CH-{CH 2 ) n -0-C 6 H 4 -S0 2 X 

(wherein X is chlorine, bromine or iodine; n is an integer from 0 to 20.) 

When a (meth)acrylate monomer is polymerized using an alkenyl group-containing halogenated compound as an 
initiator and a metal complex catalyst wherein the central metal atom is selected from the group consisting of the ele- 
ments of Groups 8, 9, 10 and 1 1 of the periodic table, a (meth)acrylic polymer having an alkenyl group at one chain and 
and a halogen-containing group of formula (1) at the other chain end is obtained. The conversion of the halogen-con- 
taining chain end into an alkenyl group-containing substituent is accomplished by any one of the aformentioned meth- 



H 2 C=C(R^ 



t 1 )-R 14 -C(R 11 ){X)-R 15 -R 12 



(5) 
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ods. 

A (meth)acrylic polymer having alkenyl groups at both ends can also be prepared by the chain end coupling reac- 
tion of a (meth)acrylic polymer having an alkenyl group at one chain end and a halogen-containing group of formula (1) 
at the other chain end, using a compound having more than one functional group, which may be the same or different, 

5 capable of substituting for the halogen of formula (1). 

Compounds having more than one functional group, which may be the same or different, capable of substituting for 
the halogen of formula (1), which are suitable for the practice of the present invention are, but are not limited to, polyols, 
polyamines, polycarboxylic acids, polythiols, or their alkali metal salts, or alkali metal sulfides. Examples of such com- 
pounds include the following: ethylene glycol. 1 ,2-prbpanediol, 1,3-propanediol. 2-methyl-1,3-propanediol. 2,2-dime- 

w thyM,3-propanediol, 1,4-butanediol, 1,3-butanediol, 1,2-butanediol, 2,3-butanediol, pinacol, 1 ,5-pentanediol, 1,4- 
pentanediol, 2,4-pentanediol, 1,6-hexanediol, 1,7-heptanediol, 1,8-octanediol, 1 ,9-nonanediol, 1,10-decanediol, 1,12- 
dodecanediol, 1,2-cydopentanediol, 1,3-cyclopentanediol, 1 ,2-cyclohexane-diol. 1.3-cyclohexanediol. 1.4-cyclohexan- 
ediol, glycerol, 1 ,2,4-butanetriol, catechol, resorcinol, hydroquinone, 1 ,2-dihydroxynaphthalene, 1 ,3-dihydroxynaphtha- 
lene, 1,5-dihydroxynaphthalene, 2,6-dihydroxynaphthalene. 2.2-biphenol, 4,4'-biphenol, bis(4- 

15 hydroxyphenyl)methane, 4,4*-isopropylidenephenol, S.S'-tethylenedioxyJdiphenol, a.a'-dihydroxy-p-xylene. 1 ,1 ,1 -tris(4- 
hydroxyphenyl) ethane, pyrogallol, 1 ,2,4-benzenetriol and the alkali metal salts of the above compounds; 
ethylenediamine. 1 ,3-diaminopropane, 1 ,2-diaminopropane, 1 ,4-diaminobutane, 1 ,2<liamino-2-methylpropane. 1.5- 
diaminopentane, 2,2-dimethyl-1,3-propanediamine, 1 ,6-hexanediamine. 1 ,7-heptanediamine, 1 .8-octonediamine. 1.9- 
diaminononane, 1.10-diaminodecane. 1,12-diaminododecane, 4,4 t -methylenebis(cyclohexylamine) 1 1 ,2-diaminocy- 

20 clohexane, 1 ,3-diaminocyclohexane, 1 ,4-diaminocyclohexane, 1 .2-phenylenediamine, 1 ,3-phenylenediamine, 1 ,4-phe- 
nylendiamine, a,a'-diamino-p-xylene and the alkali metal salts of the above compounds; 

oxalic acid, malonic acid, methylmalonic acid, dimethylmaionic acid, succinic acid, glutaric acid, adipic acid. 1,7-hep- 
tanedicarboxylic acid, 1.8-octanedicarboxylic acid. 1,9-nonanedicarboxylic acid. 1.10-decanedicarboxylic acid, 1,11- 
undecanadicarboxylic acid. 1,12-dodecanedicarboxylicacid. 1 ,2-cyclopentanedicarboxylic acid, 1,2-cyclobexanedicar- 
25 boxylic acid, 1 ,3~cycfohexanedicarboxylic acid, 1 ,4-cyclohexanedicarboxylic acid, 1,3,5-cyclohexanetricarboxyiic acid, 
phthalic acid, isophthalic acid, terephthalic acid, 1,2,3-benzenetricarboxyiic acid, 1,2,4,5-benzenetetracarboxylic acid 
and the alkali metal salts of the above compounds; 

1,2-ethanedithiol, 1,3-propanedithiol, 1 ,4-butanedithiol, 2,3-butaned'rthiol, 1,5-pentanedithiol, 1,6-hexanedithiol, 1,7- 
heptanedithiol, 1,8-octanedithiol, 1 ,9-nonanedithiol, 2-mercaptoethylether, p-xylene-a.a'-dithiol, 1,2-benzenedithiol, 

30 1 ,3-benzenedithiol, 1 ,4-benzened'rthiol and the alkali metal salts of the above compounds; 
lithium sulfide, sodium sulfide and potassium sulfide. 

When using polyols, polyamines, polycarboxylic acids and polythiols, an adequate base is also used to enhance 
the reactivity Examples of such bases are lithium, sodium, potassium, sodium carbonate, potassium carbonate, sodium 
bicarbonate, sodium methoxide, potassium methoxide, sodium- fert-butoxide, potassium-fe/t-butoxide, sodium hydride 

35 and potassium hydride. 

A (meth)acrylic polymer having alkenyl groups at the chain ends prepared according to the above-mentioned meth- 
ods can be used as a main component of a curable composition. Such curable composition comprises: 

(A) a (meth)acrylic polymer having alkenyl groups at the chain ends prepared according to one of the methods 
40 described above 

and (B) a polyvalent hydrogensilicon compound. 

The component (A) can be composed either of only one polymer or of more than one polymer. The molecular 
weight of the component (A) is preferably, but is not limited to, from 500 to 50,000. When the molecular weight of the 
45 component (A) is less than 500, the cured product thereof does not exhibit sufficient physical properties which are 
inherent to (meth)acrylic polymers. When the molecular weight of the component (A) is larger than 50,000, the polymer 
becomes too viscous or hardly soluble and thus, difficult to handle. 

The component (B), a polyvalent hydrogensilicon compound, is not limited. 

Representative examples of the component (B) are straight chain polysiloxanes of formula (9) or (10), 

50 

R 18 3 SiO-[Si(R 18 ) 2 O] a -tSi(H)(R 19 )O] b -[Si(R 19 )(R 20 )O] c -SiR 18 3 (9) 

HR 18 2 SiO-[Si(R 18 ) 2 0^ (10) 

55 (wherein each of R 18 and R 19 is independently a d. B atkyl or phenyl; R 20 is aC^o alkyl or C7-10 aralkyl; a is an integer 
from 0 to 100, b is an integer from 2 to 100, c is an integer from 0 to 100); cyclic polysiloxanes of formula (11) 
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R? 1 H f 
r (5lO) d -(SIO)*-(S[0), 



3 



(11) 



, h - ch ol R 21 and R 22 is C, s ** or phenyl; R 23 b Ci. *» or C 7 , 0 aralkyl: d is an integer from 0 to 8: e is 
The component (B) can be composed e,ther ofj on y° ne °°^™ n ° ^ po^ioxanes having a phenyl group 

is compatibility with the component (A). 

(CH^SiO-lSKHJtCHaJOJg-lSilCeHsJzOlh-SiCCHah (12) 

(CH3)3SiO-[Si(H)(CH 3 )0] g -[Si(CH3MCH 2 C(H)(R^ (13) 
20 H ^^ h ^«-^.^^^« Whh -^ to0tom ^^ 



25 



C 



H Cer% 
CH3 CbHs 



(14) 



35 



40 



45 



CH3 



^iO)r(SiO), 

CH3 CHzCjHCeHs 



(15) 



(where* R« is hydrogen or methy.; i is an integer from 2 to 10 ^^Zly^n^Z orient 
^^er exariles of the component (B) ^^^^SSS possessing more than one alKeny. 

such as 0,0'KJiallylbisphenol A and 3.3 •-d.a llylbsp e £™2£ such as diethyleneglycol diallyl carbonate. 
, a ,e, triallyl trimellitate and tetraallyl ^^,^55 an above-mentioned alkenyl compound slowly 



55 
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H v CH3 



r (0Si) n -O _ 



St 

J 



(CH 2 ) 



H V CH 3 



-{SiO),n 



r (osi) n -o 

sic! ^ /= 



-(SiO) n - 



r-<0Si) B -0 




H V CH3 

r- (OSi) n - 



(sio) — 



(wherein n is an integer from 2 to 4; m « an .nteger from 5 to 10.) component (B) is preferably 

The mo.ar ratio of the alkeny. group in *e component (A) S the curing material. When the 

from 5 to 0.2. more preferably from 2.5 ^'^JZ^^^ ^ ,0W ' S MM 

molar ratio is larger than 5. £™« "^^^JE i£5»r and a homogeneous cured materia, hav-ng 

sHion metal complexes are used as « ^lat.on « tolyst afe . dialky , peroxid es such an di-terf- 

Examples of radical mrtators which can be used as a M i(f e rf-butylperoxy)-3-hexyne. dicumylper- 

butylperoxide, W-*"*"**^*"^^ ^ as benz(Jylper . 

oxide. ^tyKumylperoxide and <^^^^^S^^ and lauroylperoxide; peracid 
oxide, p-chlorobenzoylperox.de, ^^^^Z^lu^as diisoprop J perdicarbonate and 2-ethylhexyl per- 

d °tx a ies of transit meta, -p.exesw^^ 

platinum supported on a carrier such as alumma ^ ^ on ^pWii platinumtOjKJivinyltetramethylsiloxane 

amount is not limited, but it in preferably rom 10 to 10 ™ , er , nan 10 -B ( the curing 1S insufficient Since 

(A) 10- 3 to 10- s being more preferable. When the catalyst amount ^ p ref erable. 

£ halation catalysts are ^^!SSS^ a phenyl such as foaming can be 

The homogeneously cured material havins 1 9<«1 d *pth * and then curing the composition, 

obtained by mixing the components (A). (B) "^J^^J'SS^^ 30 to 1 50'C for 10 seconds 
Curing conditions are not limited, but cunng .. generally «™£JJ ° » 20 ° ^ted in a short period 

t^oS^^^ 
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JO 



15 



20 



25 



30 



35 



40 



45 



50 



ess which comprises the steps of: 
P acata.ys,a«ertheiso.a«on^^^ 

^ :i "hus, the cross-linked product thereof -^^^ of chain end (which! in 

Addition of an amount of the above impound Jhes "J^^^J ™ up int0 a „ the Cain ends. How- 
turn is equal to the number of initiating sites) is suff.c.ent to introduce a cure ueoyi group 

ien ^addition of an excess amount, P^JJJJf ZZ^eZ*™ ^mt in^alun, greater 
chi^ 

H.C=aR 3 VR 4 -R 5 -[Si(R^2 : bC 0bO1m-Si(R 17 )3-a(Y)a ( (6) 
a>aralk »l, or - '~Y |r-» «g™ jail, ulZi 1 1 ' group may b* the sots or d»- 

,„. grcup V sr. . Wdrog.n n . Mc. atom, an ^"^S^^ ^ "» *^ » 

group, an arrido group, .n arr-noow grow . rriaropto g w an ^^^L,^, group „ r hydroocyl group 

me ^vSKmi W reactivity of their hydrolyzable sily. group and .heir availability, the following compounds are pref- 

erable as the compounds of formula (6): 



55 



u r_rm^COo-(CHo) n -Si(OCH 3 ) 3t H 2 C=C(H)C0 2 -(CH 2 ) n -Si(CH3)(OCH 3 ) 2 . 

H 2 C=C(H)CX) 2 -(CH 2 ) n -Si(OC 3 H 7 ) 3 ,H 2 C=C(H)C0 2 -(CH 2 ) n -Si(CH3)(OC3H 7 ) 2 . 
H 2 C=C(CH 3 )C02-(CH2) n -Si(OCH3) 3 , 
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H 2 C=C(CH 3 )C0 2 -(CH 2 ) n -Si(CH3)(OCH 3 )2, 

H 2 C=C(CH 3 )C02-(CH 2 ) m -Si(OC2H s )3, 

H 2 C=C(CH 3 )C0 2 -(CH 2 ) n -Si(CH3)(OC 2 H 5 ) 2( 

H 2 C=C(CH 3 )C02-(CH2) m -Si(OC3H 7 )3, 

H 2 C=C(CH 3 )C02-(CH 2 ) n -Si(CH3)(OC3H 7 ) 2 , 

(wherein n is an integer from 2 to 20.) 

H 2 C=C(H)C0 2 -(CH 2 ) n -0-(CH 2 ) m -Si(OCH 3 )3 ) 

H^C-C(H)CO^CHan-<^CHa i n-SKCH3)(OCH3) 2> 

HaCaCtHJCOg-tCHaJn-O-lChym-SiCOCaHsJg. 

H 2 C=:C(H)CX)2-(CH 2 ) n -0.(CH2) m -Si(CH3)(OC2H 5 )2 1 

H2C=C(H)C02-(CH2) n -0-(CH2) m -Si(OC3H 7 )3, 

H 2 C=C(H)C02-(CH 2 ) n -0-(CH2) fn -Si(CH3)(OC3H 7 )2 t 

H 2 C=C{CH3)C0 2 -(CH2) n -0-(CH2) m -Si(OCH3)3. 

H2C=C(CH3)C02-(CH2) n -0-(CH2) m -Si(CH 3 )(OCH3)2 ( 

H2C=C(CH3)C0 2 -{CH2) n .O-(CH2) m -SiCOC2H 5 }3, 

H 2 C=C(CH3)C0 2 -(CH2) n -0-(CH2) m -Si(CH3)(OC2H5)2, 

H 2 C a =C{CH 3 )C0 2 -(CH 2 ) n -0-(CH2) m -Si(OC 3 H 7 )3, 

H 2 C=C(CH3)C02-(CH2) n -0-(CH2) ni -Si(CH3)(OC 3 H 7 )2. 

(wherein n is an integer from 1 to 20, m is an integer from 2 to 20) 

o-. m-, p-H 2 C=CH-C 6 H 4 -(CH2) n -Si(OCH3)3, 

o-. m- t p-H 2 C=CH-C 6 H 4 -(CH2) n -Si(CH 3 )(OCH3) 2l 

o-. m-, p-H 2 C=CH-C 6 H4-0-(CH2) n -Si(OCH3) 3 . 

o-. m- ( p-H 2 C=CH-CsH4-0-(CH2) n -Si(CH3)(OCH 3 )2, 

(wherein C6H 4 is phenyl, n is an integer from 2 to 20.) 

Polymerization of a (meth)acrylate monomer using a curable silyt group-containing halogenated compound is in ini- 
tiator and a metal complex catalyst wherein the central metal atom is selected from the group consisting of the elements 
of Groups 8, 9, 10, and 1 1 of the periodic table gives a (meth)acrylic polymer having a curable silyl group at one chain 
end and a halogen-containing group of formula (1) at the other chain end. Conversion of the halogen atom into a cura- 
ble silyl group-containing substituent gives a (methjacrylic polymer having curable silyl groups at both ends. The meth- 
ods described above can be used for such conversion. 

A representative example of the above mentioned curable silyl group-containing halogenated compound is the 
compound of the general formula (7): 

R 11 R 12 C(X)-R 13 -R 14 -C(H)(R 1 )CH2-[Si(R 16 ) 2 - b mbO] m -Si(R 1 VaC0 a (7) 

(wherein R 1 , R 11 , R 12 , R 13 , R 14 and X are as defined in formula (4); R 16 , R 17 , a, b, m, and Y are as defined in formula 
(6)-) 

Specific examples of the compounds of formula (7) include; 

XCH 2 C(0)0(CH 2 ) n Si(OCH 3 ) 3 , CH 3 C(H)fX)C(0)O(CH2)nSi(OCH3) 3f 

(CH 3 )2C{X)C(0)0(CH2) n Si(OCH3) 3l 

XCH 2 C(0)0(CH 2 ) n Si(CH 3 )(OCH3) 2 , 

CH 3 C(H)(X)C(0)0(CH 2 ) n Si(CH3)(OCH 3 )2 t 

(CH3) 2 C(X)C(0)0(CH 2 ) n Si(CH 3 )(OCH3)2, 

(wherein X is chlorine, bromine or iodine; n is an integer from 0 to 20) 

XCH 2 C(0)0(CH2)nO(CH 2 ) m Si(OCH3)3. 

CH 3 C(H){X)C(0)0(CH 2 ) n O(CH2) m Si{OCH 3 )3. 

(CH a )2C(X)C(0)0(CH 2 ) n O(CH 2 ) rT1 Si(OCH3)3, 

XCH 2 C(0)0(CH 2 ) n O{CH2) rn Si(CH 3 )(OCH 3 ) 2( 

CHCtHJMClOJOlCHdnOtCHdniSKCHaKOCHaJa, 

(CH3)2C(X)C(0)0(CH 2 ) n O(CH 2 ) m Si(CH3)(OCH 3 )2, 

(wherein X is chlorine, bromine or iodine; n is an integer from 1 to 20; m is an integer from 0 to 20) 
o-, ft?-, p-XCH 2 -C 6 H4^(CH 2 ) 2 Si{OCH 3 )3 I 
o- t m-, p-CH 3 C(H)(X)-C 6 H 4 -(CH 2 ) 2 Si(OCH 3 )3, 
o% m-. p-CH 3 CH 2 C(H)(X)-C 6 H 4 -(CH 2 )2Si(OCH 3 )3, 
0-, m-, p-XCH 2 -C 6 H 4 -(CH2) 3 Si(OCH 3 ) 3( 
o- f m- t p-CH 3 C(H)(X)-C 6 H 4 -(CH2)3Si(OCH3) 3 , 
m- t p-CH 3 CH 2 C(H){X)-C 6 H 4 -(CH2)3Si(OCH3)3, 



13 



EP 0 789 036 A2 



o-, m-. p-XCHa-CeH^tCH^z-OKCHzJaSKOCH^s, 

o-, m-, p-CH3C(H)(X)-C B H 4 -(CH 2 ) 2 ^(C^)3Si(OCH3) 3 

o-, m-. p-CH3CH 2 C(H)(X)-C 6 H4-(CH 2 ) 2 -0(CH 2 ) 3 S.(OCH 3 ) 3 . 

o-, m-. p-XCH2-C 6 H 4 -0-(CH2)3Si(OCH3)3, 

o-, m-. p-CH3C(H)(X)-CBH 4 -0-(CH2)3Si(OCH3)3. 

o-, m-, p-CH 3 CH 2 C(H)(X)-C 6 H4-0-(CH2)3Si(OCH3)3. 

o-, m-, p-XCHz-CBH^O-tCH^-O^CHaJaSKOCHah. 

o-, / n ^p-CH3C(H)(X)X 6 H 4 ^-(CH 2 ) 2 -0-(CH 2 )3S,(OCH3) 3 

o-. m-. p-CH 3 CH 2 C(H)(X)-C 6 H 4 -O-<CH 2 ) 2 -O-{CH 2 )3S,(0CH3) 3 

(wherein X is chlorine, bromine or iodine.) 

The compounds of formula (8) are ateo examples of the curab.e si.yl group-containing halogenated compound. 

(R 17 )3-a(Y) a Si-[OSi(R 16 ) 2 . b (Y)bl m -CH 2 -C(H)(RM-R 14 -C(R 11 )(X)-R 15 -R 12 ( 8 > 

(wherein R 1 , R 11 . R 12 . R 14 and X are as defined formula (4); R« is as defined in formula (5); R« R 17 . a. b. m and 
Y are as def ined in formula (6)) 

Specific examples of the compounds of formula (8) include; 

(CH30) 3 SiCH 2 CH 2 C(H)(X)C 6 H 5 . (C^ 

CH 3 0 3 Si(CH 2 ) 2 C(H)M-C0 2 R. (CHaOJ^CHaJSKCHz)^ ^ X)-C0 2 R, 
CH 3 0 ) 3 Si CHSc HJtXJ-^R. (CH 3 0) 2 (CH 3 )Si(CH 2 ) 3 C(H)(X)-C0 2 R. 
Ch!o)^ 

(CH 3 0 Si ChKcM(X)-C0 2 R. (CH30) 2 (CH 3 )Si(CH 2 ) 9 C(^(X)-C0 2 R. 
CH 3 0 Si ChScM(X)-C 6 H 5 . (CHaOzlCH^SifCH^C M X)-C 6 H 5 , 
CH O Si Ch£c ( H)(X)^H 5 , CCH30) 2 (CH3)Si(CH 2 ) 4 y W-CeH 5 , 
(whlrein X is chlorine, bromine or iodine; R is a alkyl. C 6 . 20 aryl or aralkyl.) 

When a (meth)acrylate monomer is polymerized using ^ a cu^y. ^^SS^Z 
an initiator and a metal complex catafysl ' -herem the cent^ ^TS£ja cuLe si.yl group at one 
elements of Groups 8. 9. 10 and 1 1 of the penod.c table a J^^^ s c^a" ed. A (methjacrylic polymer 
chain end and a halogen-containing group of formula (1) at *e other chain end ,s obta I > ^ ^ 
having curable silyl groups at both ends can also be P^^ ^g^J 3 1 ^ ™™ <* 
tionegjmet*^^ using a ^*S^^f^ o^e sa^e principle 

mula (16): 

45 H-lSitR^Ja-brObOlm-SKR 17 )^,, (16) 



15 



20 



25 



30 



35 



.17, ^ ( 17 ) 



H-Si(R 17 ) 3 -a00 



55 



(wherein R 17 , Y and a are as defined in formula (6).) 

Specific examples of the compounds of formula 16 or 17 are; 

HSiCI 3 . HSiCOyCla. HSi(CH 3 ) 2 CI. HSKOCH,),, "^^gpl^f: H 
HSi(C 3 H 3 ) 2 (OC^), HSKQCfeHsb. HSi < C ^ )( °%^ 
HSi(OC 3 H 7 ) 3 . HSi(C 2 H 5 )(OCH3)2. HSi(C 2 H 5 ) 2 (OCH 3 ), HSi(C 6 H 5 )(OCH 3 ) 2 , 
HSi(C 6 H5)2(OCH3),HSi(CH 3 )(OC(0)CH3) 2 , 
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20 



25 



HSi(CH3)20-[Si(CH 3 )20] 2 -Si(CH3)(OCH3) 2 , 

HSi(CH 3 )[0-N=C(CHa) 2 l2 

(wherein C 6 H 5 is phenyl.) 

does not exhibit sufficiently the physical properties wh,ch are ^^^f^^^ ditfjcuH t0 han dle. 
weight of the polymer is larger than 50.000. ,t becomes t^scous g^^y^ lctliro , nnh , e 

^ gH^Moroups at th ° ^ a .n7nfte m »* h " V T* r mtwi " < <r0 " lT.?' ' ^""T.L ° ^.'^..Ujl examdes of those 

tnrtiendsandacrlngeaol^Hneoe.sa./.Cunng '""J™, '££Z k m d^end on the molec 
a rubbery material to a resinous material can be obte,ned ^ s adhesives. pressure sensitive 

moulded articles and artificial marWes.but are not limited to those uses. 
RF S T MnnF FDR CARRYING ™ THF INVENTION 

The.ol.owingExarrplesfurtheri.lustrate.he present invention in detail but are not to be construed to limit the scope 
thereof. 

QVMTHFS1R EXAMPLE 1 

(Synthesis of 2-allyloxyethyl methacrylate) 

To a three-necked flask equipped with a stirrer, a ^^-^^^ fi£%%£EE& 
were added methacrylic add (137.7 g, 1 .6 ^^^'^ ZSttZ'Cto 5 hourswS exc usion of water, 
acid (0.76 g, 4.0 mmole) and toluene (650 mL). The m,xture was "^'^120 The other ortion 

Another portion of p-toluenesulfonic acfci (0-12 g) and the rr^ure was > »™ action, the 

of p-to,uenesu.fonic acid (O.t gV was ; added ^^^^^S^i ^ chromatography and the 
consumption of methacrylic acid and ethyleneglyool T^f 1 ^ layers were separated. The 

conversion reached 98%. The mixture was "«££23^^S and concentrated 

g, 73%) shown below. 
so H 2 C=C(CH3)C0 2 (CH2) 2 OCH2CH=CH 2 

FXAMPLE 1 
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the filtrate was washed tw^^ 

concentrated under reduced P^e to 9jve the p^^ t^SS^X^S^^ *«• *> be 6700 and 

polymer was 5.4 based on 1 H NMR analysis. 

^O^OiC OOzBn 0 ° iBB 



FXAMPLE 2 



20 



sesame procedure as Exampie 1 
po.y(methyl acrylate) having alkenyl gmup> ' ^^^ 0 ^S bJ»C analysis (based on polystyrene 



^O^QzC CXhCHj C ° 2CH3 



EXAMPLE 3 



ToaSOmLpyrextubewereaddedbuty.a^ 

mmo.e). copper (I) bromide (200 ^^^ u t f^^^X^^ -s heatedto 130 -C 
10 mL). The mixture was degassed by bubbling N 2 for 10 M ana tn le An 

^rn^^^^^ — 

3700 and 1.41. respectively, by GPC analysis (based on P"'^" 6 ^^ (2 0 g) p «, iv j ny lbenzene (281 mg. 
To a 30 mL pyrex tube were added the poly(buty aery ale) prepared as ^above (2X i g), p*. y i 

2.16 mmole). copper (!) bromide (77 mg. 0.54 mmo.e) 06^°° " ™ £££ ™ * -C tor 30 minutes 

ture was degassed by bubbling N 2 for 10 m.nutes and ^ea^Th "™>^£ » ne« ^ 
and after cooling to ambient temperafor^t^ m^^ 

wan filtered off and thefiltrate was washed tw.ee with d.l. HO anc ™JJVJ ^ navj alkenyl gr0 ups at both 
over Na 2 S0 4 and concemrated under reduced P re«ure fo^ 

so duced into the polymer was 2.1 based on 1 H NMR analysis. 

BrlcH:), ^CH-CH^-CH.-O-CH,- (CH^HMCH,-- 
A d» 2 Bu f 
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EXAMPLE 4 

1* -Ctcr 1 hour arrtaft er -'^T^ ^ 
atmosphere. The mixture was heated to 100 C for I hour mmna jr c 

cptate was tittered off and the filtrate was washed ^ce j£ poly ^ acrylate) having 

was dried over Na 2 S0 4 and concentrated under reduced pressure to gw a rmxture oj m pj^ y 

alkenyl groups at both ends shown brio. ' «J ^^^SSl^Cb-- on poiystyrene 

ight distribution of the polymer were found to be 7700 and 1.33. respeCTvay _u> - « nmr analysis 
Sard). The number of alkenyl groups introduced into the polymer was 1.6 based on H NMR analyse. 



wei 
standard) 



COjBu C°2 Bu 



20 



25 EXAMPLE 5 



30 



35 



ToaSOmL^tubewerea™^ 

heated to 130 'C for 2.7 hours and ^^ to fl jJSS^12-^ <*-). An inso.uHe precipitate 
added. The mixture was heatedtoSO ^ ^ taun^ i»«din^ y ^ | ayerwasdrie d 

was filtered off and the filtrate was washed twee wrth d L HO and ^^J^^ in a ^ arnoun t of ace- 

the polymer was 1 .7 based on 1 H NMR analysis. 

H _ f 

^(C-CH 2 ) ffi ^ 2 -0- CH ^ CH2 "9»"^ 
Whs 002013 



45 

I iYNTHF Rlsl=XAMPI - E2 

(Synthesis of an alkenyl group-containing organohalogenated compound) 

(78 5-81 °C at 1.3 mmHg) yielded allyloxy-2-bromopropionate shown below (2.986 g). 
CH3C(H)(Br)C(0)0-CH 2 CH 2 -0-CH 2 CH=CH 2 



50 
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EXAMPLE 6 

To a 30 mL pyrex tube were added butyl acrytate (2.5 mU 2.24 g. 17.45 mmole). an ^^^^ 
ator prepared according to the Preparative Example 2 (165 mg, 0.698 mmole), copper (I) bromde (100 ^OKJ 
mmoKSjSyl (218 mg. 1.40 rwnoto). ethyl acetate (2 mL) and acetonitrile (0.5 mL). The m.xture wasdegassed 
bTbubl^ 

to S ^temperature, the mixure was diluted with ethyl acetate (20 mL). An insoluble preciprta ewas f .Iterec 1 off and 
$ZSS washed twice with dil. HCI and once with Nad solution. The organic tayer was dried over Na 2 SO« jand 
(incS as under reduced pressure to yield a poly(butyl acrylate) having an alkenyl group at one end and a bromine 
*o^to?o^BriV 90 g 79%). The molecular weight and the molecular weight distributor of thepolymer were 
S t be 3^00 a* 1.51, respectively, by GPC analysis (based on polystyrene standard). The number of alkenyl 
groups introduced into the polymer was 0.75 based on *H NMR analysis. 

To a 50 mL three-necked flask equipped with a stirring bar and a reflux condenser were added the poly(birtyl acr 
iJfiSZSZSJSs* 9). N^9H 2 Q (70.2 mg. 0.293 mmole) and ^^^ZS^ 
to ref lux temperature for 3 hours. After cooling to ambient temperature, ethyl acetate (10 mL) and dil. HCI (1 0 mL) were 
idSThe teve7s were separated. The organic layer was washed with dil. HCI and NaCI solut,on. The organ* layer 

StrsSbelow (1.69 g). me molecular weight and the molecular weight distribute o. the polymer were 
found to be 51 00 and 1 .73. respectively, by GPC analysis (based on polystyrene standard). 

CH 3 

[ < s *^-o-(CH 2 ) 2 -oc > -^ CH2 -? H) « r Jr s 

Jj C0 2 Bu 
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To a 30 mL pyrex tube were added methyl acrylate (5 mL, 4.78 g, 55.5 mmole). allyl 2^ethyl-2j.romopropion- 
a,e(0 354 mL Xg. 2.2 mmole). copper (I) bromHe (318 mg. 2.22 mmole). 2.2 ^yridy, (1* 
acetate (4 mL) and acetonitrile (1 mL). The mixture was degassed by three freeze-pump-thaw cycles and the" sealed 
TnemXe^s heated to^^ 

ethvl acetate (20 mL) An insoluble precipitate was filtered off and the filtrate was washed tw.ce with dil. HCI and once 
3? SEES Tne organic lay* was dried over Na 2 SD 4 and ^Z^^S^)Z r^ec 
polyfbutyl acrylate) having an alkenyl group at one end and a bromme atom at t h e ^er end f^^^™5 
ular weight and the molecular weight distribution of the polymer were found to be 2700 and 1 .48 respective* b» r epo 
anLSbas«l cn polystyrene standard). The number of alkenyl groups introduced into the polymer was 0.81 based 

°" ^oTso Sree-necked flask equipped with a stirring bar and a reflux oondenser were added the Pdy<M^ 
ylatel obta ned as above (1 .17 g), Na 2 S . 9H 2 G (57.6 mg, 0.240 mmole) and ^ J^^^^S 
to reflux temperature for 3 hours. After cooling to ambient temperature, ethyl acetate (10 mL) and d.l. HCI (10 mL) were 
add" IS ^e separated. The organic .ayer was washed with dil. HCI and NaCI solution. The organic ^er 
wasdrie! over Na 2 SC- 4 and concentrated under reduced pressure to give the poly^ 

at b^TrTshown be.ow (1.11 g). The mo.ecu.ar weight and the molecular weight distribution of the polymer were 
found to be 4200 and 1 .71 , respectively, by GPC analysis (based on polystyrene standard). 
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polymer was 1.73 based on 1 H NMR analysis. 



CH 3 

^(CH^-OgXC"^-^ 



-Br 
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were also shown in Table 1. 



40 



45 



50 



M a«.o a si° 

H H 



55 



19 



EP 0 789 036 A2 



TABLE 1 





Example No. 


polymer 


the amount Pt cat. a > 


gel time (sec) 


curing time (hour) 


5 


9 


Example 1 


10* 


180 


15 




10 


Example 2 


icr 3 


45 


17 




11 


Example 3 


icr 3 


100 


3 


10 


12 


Example 6 


10" 3 


240 


18 


13 


Example 7 


10' 3 


120 


15 




14 


Example 8 


10' 4 


11 


12 



I content (%) 
51 



55 
77 
77 
40 
84 



<*> based on 1 mol ot the afcenyt group of the <meth)acrylate polymers. 
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FXAMPLE 15 

ToaSOmLpyrex tube were added butyl acrylate (5 mL, 4.47 a^^^^^^SSS 
mmo.e). copper's; bromtfe (100 mg, ™^£^^™Z££&!?& ^Tho™ 

groups at both ends shown below. 



35 



CH 3 _ 

I I CChBn OC 

(CH 3 O),Si(CH03O2C 



Br 

OOjBn 60 2 <CH2>jSi<OCH3)s 
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(CH 3 0)2Si(CH2)sOxC ~ 



COjBo 



.-(CHj-tpL^Br CH 3 



The polyfbutyl aerate) having methyl dimethoxysilyl groups at bom ends obtained as above ^ 
was found to be 54%^ nreDarative methods of the present invention provide con- 

show good curability and yield homogeneous rubbery materials. 



Claims 

20 1 



A process for preparing a (meth)acry.ic polymer having alkenyl groups at the chain ends, which comprises the 
steps of: 

(i) preparing a (meth)acrylic polymer having a chain end structure of formula (1) 
f -CHa-CCR^COzR^PQ (1) 

wherein is hydrogen or methy.; R 2 is a C 14D alkyl. Ce- 20 aryl or C 7 . 20 aralkyl; X is chlorine, bromine or 

formula (1) into an alkenyl group-containing substituent. 

3. Theprocessofclaim^erein^^ 
group is a compound of formula (2). 

W H 2 C=C(R 3 )-R 4 -R 5 -C(R 6 )=CH 2 ® 

wherein each of R 3 and # is independent hydrogen or methyl; R 4 is ^ W. « £ ^ hen * ene; * * * 
direct connection or a C, a divalent organic group which may contain at least one ether oxygen. 

46 4. Theprocessof claim 1 to^totom^l^^to^**^*^™*^ 

with an alkenyl group-containing organometallic compound. 

5. Theprocessofdaiml.whereinsaidal^^ 

so of formula (3). 

H 2 C=C(R 7 )C(R 8 ){R 9 )Sn(R 10 ) 3 (3) 

wherein each of R 7 , R* and R 9 is hydrogen or a C M0 alkyl. C 6 , 0 aryl or G™ aralkyl; R 10 is a C v ,o alkyl. C 6 . 10 
55 aryl or C 7 . 10 aralkyl- 

6 The process of any one of claims 1-5, wherein the organohalogenated compound or halosulfon* compound used 
as an initiator is an alkenyl group-containing halogenated compound. 
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The process of claim 6, wherein said alkenyl group-containing halogenated compound is a compound of formula 
(4) or (5) 

R 11 R 12 C(X)-R 13 -R 14 -C(R 1 )=CH2 (*) 

wherein R 1 is hydrogen or methyl; each of R 1 1 and R 12 is independently hydrogen, a monovalent d.ai c 6-20 
aryl or C 7 «, aralkyl. or R 11 and R 12 may joint to form a cyclic structure; R is -C(0)0-, -C(0)-, or o-, m-. p-phe- 
nyle'ne; R 14 is a direct bond or a C v2 o divalent organic group which may contain at least one ether oxygen; X is 
chlorine, bromine or iodine: 

H 2 C=C(RVR 14 -C{R 11 )(X)R i5 -R 12 (5) 

wherein R 1 . R 11 . R 12 . R 14 . and X are the same as defined in formula (4); R 15 is a direct bond. -C(0)0-. -C(0)-. or 
o-, m-, p-phenylene. 

A process for preparing a (meth^crylic polymer having alkenyl groups at the chain ends, which comprises the 
steps of: 

(i) preparing a (meth)acrylic polymer having an alkenyl group at one chain end and a halogen-containing group 
so of formula (1) at the other chain end by the method described in claim 6, and 

(IQ subjecting said halogen-containing chain end to a coupling reaction using a compound having more than 
one functional group capable of substituting for the halogen in the structure of formula (1). wherein each of sad 
functional group may be the same or different. 

25 9. A process for preparing a (meth)acrylic polymer having alkenyl groups at the chain ends, which comprises the 
steps of: 

(i) preparing a (meth)acrylic polymer having an alkenyl group at one chain end and a halogen-containing group 
of formula (1) at the other chain end by the method described in claim 7, and 
so (ii) subjecting said halogen-containing chain end to a coupling reaction using a compound having more than 

one functional group capable of substituting for the halogen in the structure of formula (1 ). wheran each of said 
functional group may be the same or different. 

10 The process of daim 8, wherein said coupling reaction is conducted using a compound selected from the group 
35 ' consisting of polyols. polyamines, polycarboxylic acids, polythiols, and their alkali metal salts or alkali metal 

sulfides. 

11 The process of claim 9, wherein said coupling reaction is conducted using a compound selected from the group 
consisting of polyols. polyamines. polycarboxylic acids, polythiols. and their alkali metal salts or alkali metal 

40 sulfides. 

12. A curable composition which comprises: 

(A) a (meth)acrylic polymer having alkenyl groups at the chain ends prepared according to any one of clams 
45 1-5; and 

(B) a polyvalent hydrogensilicon compound. 

13. The curable composition of claim 12, wherein the (meth)acrylic polymer having alkenyl groups at the chain ends 
has a number average molecular weight of from 500 to 50,000. 

14. A process for preparing a (meth)acrylic polymer having curable silyl groups at the chain ends, which comprises the 
steps of: 

(i) preparing a (meth)acrylic polymer having a chain end structure of formula (1) 

-CH2-C(R 1 )(C0 2 R 2 ){X) 0) 

wherein R 1 is hydrogen or methyl; R 2 is a C v20 alkyl, Ce-zo aryl or C 7 . 20 aralkyl; X is chlorine, bromine or 
iodine; 
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into a curable silyl group-containing substituent 
1 6. The process of Cairn 15. wherein sak. compound having a poiymerizable a.kenyl group and a curable silyl group is 
a compound of formula (6). 

H 2 C=C(R 3 )-R 4 -R^Si(R 16 ) 2 ^(Y) b O]m-Si(R 17 )3.a(Y)a (6) 

r>a . u ~* «r mfl tthui- r 4 Lq C(0\0- or o- m- p-phenylene; R 5 is a direct connection or a C^o diva- 
wherein R 3 is hydrogen or methyl, R is -C(Oju ,oro.m.p P"« y - indeoendently a Ci 20 alkyl. 

may be the same or different when more than one Y group is present; a « 0. 1 . 2 or 3, b is 0, 1 or 2. m -meg 

from 0 to 19 provided that a+mb* 1 

17 Theproce^ofanyoneofclaimH^.^ 
' as an initiator is a curable silyl group-containing halogenated compound. 

18. The process of claim 17. wherein said curab.e silyi group-containing halogenated compound is a compound of for- 
mula (7) or (8) 

R^R^CpO-R^-R^-CCHMR^CHa-ISiCR^Jz-bOObOlm-SitR'^s-aCOa 

wherein R 1 is hydrogen or me*yl; each o, R« and R« is ^" d ^^^^ ^he- 
a . ftr r aralkv i or r1 1 and R may joint to form a cyclic structure, R is -0(U)u , otu; , or u , , h h 
n*£ a i bond^a Cl . 20 divalent organfc group which may contain a. teas, one *«J«X. 
Sonne, bromine or iodine; each of R 16 and B" is independently a C« «■*. " ^^J^ 

(R 17 )3. a (Y)aSi-[OSi(R^) 2 . b (Y) b l m -CH 2 -C(H)(R^)-R^-C(R")(X).R^-Ri2 (8) 

wherein R 1 , R 11 , R 12 . R 14 , R 16 , R 17 , a. b. m. X. and Y are as def ined in formula (7): R 15 is a direct bond. -C(0)0-, 
45 -C(O)-. or o-. m-, p-phenylene. 

19. A process for preparing a (meth)acrylic polymer having curable silyl groups at the chain ends, which comprises the 

steps of: 

functional group may be the same or different. 

20. A process for preparing a (meth)acrylic polymer having curable silyl groups at the chain ends, which comprises the 

steps of: 

(i) preparing a (meth)acrylic polymer having a curable silyl group at one chain end and a hatogen-containing 
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aroupofformula(1)attheome ^ h . nmnrpthart 

functional group may be the same or different. 

sulfides, 
sulfides. 

groups at the chain ends prepared according to the process of any one of da.ms 1-5. 
24. A curable composition cording a (meth)acrylic poiymer having curabie si.yl groups at the chain ends prepared 
according to the process of any one of claims 14-16. 

25 Thecurableconpo^ 
" has a number average molecular weight of from 500 to 50,000. 
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